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Abstract 
In order to handle the situation of power system grounding fault better, this paper built the mathematical model of 
power system resonance grounding fault based on the resonance grounding principle. And simulated the resonance 
processes by using MATLAB/SIMULINK/ SIMPOWERSYSTEM (SPS) software. The obtained results show that 
there will appear zero sequence current at each point of power system when the grounding faults occurrs. And if the 
circuit has the point of biggest amplitude of zero sequence current, then it is just the fault phases. The simulation data 
further verified that arc suppression coil grounding could directly decreases the grounding current when the single-
phase grounding fault occurred. Moreover, it effectively eliminates the arc from the process and becomes the more 
reasonable grounding mode. 
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1. Introduction 
With the further development of reform and opening up,the rapid development of national economy 
has higher requirements for the power demand and power system reliability. In the background of the 
power system continuing expansion and the requirement of the power supply system reliability enhancing 
unceasingly, neutral grounding of electric power system is an important technology for preventing power 
system accident. The choice of power system neutral-point has a direct correlation with a series of 
problems, such as power supply reliability of power system, relay protection,the equipment insulation 
requirements, personal safety, electromagnetic pollution,economic benefit,and so on.  
According to the different grounding methods matching different voltage grades, neutral grounding of 
electric power system can be roughly divided into the following ways: 
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1) Isolated neutral and neutral affinity;   
2) Neutral grounding method effectively: 
a) Unconventional neutral grounding method effectively (Entire grounding method) is widely suitable 
for 500kv and the above extra-high tension and the ultrahigh voltage system, and there is no exception [1]. 
b) Neutral point grounded effectively is applicable to our 220kv, 110kv power system, and the 
corresponding voltage level of foreign power system; 
3)  Neutral non-effectively grounded ways is mainly suitable for the key power system network of 110kv 
and below, and one of the most representative neutral non-effectively grounded ways is low resistance 
grounding and resonant grounding ways: 
a) Large current grounding method includes: direct grounding, low reactance grounding and low 
resistance grounding [2]. 
b) Small current grounding method includes: ungrounded and arc suppression coil grounding 
(resonance grounding). 
The long-term service experience of domestic and foreign power system indicated that optimized 
resonance earth way could be used in the medium voltage power system network, with different 
capacitance to ground, different structural power, different voltage grade[3]. At the same time, optimized 
resonance earth way could improve the power supply reliability, ensure personal safety, reduce the 
equipment insulation requirements, reduce the electromagnetic pollution of single-phase ground fault, and 
so on. It has played an important role in the operation of the power system [4].  
2. Principles of Resonant Grounding 
The principle of resonance applied in the weak electricity domain at first. Negative effects occupies 
the majority in the power system, but the positive effect is also not allow to neglect[5]. The key 
technology question need to be solved, is that how to control the resonance effect, and how to make a 
further reasonable use.  
The power system, whose neutral point is connected to the ground by arc suppression coil, is called the 
resonant grounding system. Arc suppression coil is invited by Germany W. Petersen in 1916[6]. In order 
to eliminate automatically the moment single-phase ground fault, which occurred in the power system 
network, arc suppression coil is installed in compensation network’s neutral point. 
Grounding network wiring diagram of compensation network of A phase is shown in Figure 1.In the 
normal operating conditions of power system, assuming that lines are completely transposed 
( CBA CCC   , 0rrrr CBA    , and the three-phase earth capacitance and the impedance are equal) in 
the equivalent electrical network wiring diagram. And three-phase loads are fully symmetry. The 
reference direction of each electric current and voltage is consistent, which conforms to the power system 
continually graph convention labeling method. At the same time, the positive direction of three-phase 
voltages E  must be consistent with the positive electric current direction. At any point of compensation 
network, for example, ground fault occurred at a point of A phase, if the influence of the earth resistance 
and the arc resistance for the fault point is neglected, fault phase voltage AU  rapidly dropped to 0, the 
neutral point voltage 0U shifted to AU , which is shown by (1). 
AUU  0                                     (1) 
Non-fault phase voltage, which is increased, relative to the earth, is called as the line voltage. That is, 
three-phase voltages are added AU . This is shown by (2).  
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Figure 1. Hase-to- ground network connection line diagram 
Although the neutral point of the power is shifted, three line voltages still remain symmetrical. Power 
generators and electricity users don’t have reflect for this single-phase earth fault. Therefore, in this case, 
compensation power is allowed to continue operation with faults within certain time [7]. The supply 
reliability of the power system would be improved. 
During the ground fault of A phase, the changes of three-phase voltages are completely identical with 
three-phase current of grounding capacitance,
ACI
 ,
BC
I ,
CC
I , and the leakage current of three-phase to 
ground 
ArI
 ,
BrI
 ,
CrI
 .  This is shown by (3) and (4). 
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The value of current of grounding capacitance 
0C
I  could be solved easily. Similarly, active component 
LrI
 adds reactive component LI as the full value of the compensation current 0LI
 .Then, the value and 
direction of residual current įI could be worked out easily. The resistance, capacitive and sensibility of 
residual current could change with difference of compensation state of arc extinction coil. As a result of arc 
suppression coil, the current distribution of system has changed. As is shown in Figure 1, arc suppression 
coil is connected to the neutral point, ground fault of A phase has occurred on the line 2. Whatever the 
neutral point is connected to the ground or not, the distribution of capacitance and current is in the same. 
The only difference is that inductive current LI is added to the fault point. At this point the total current of 
the system circuit is shown as follows: 
¦ CL III  f                                  (5) 
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Where, ¦CI  is the total grounding capacitive current. 
L denotes the inductance of arc suppression coil,   
jȦȦ
E-I A
  L                                      (6) 
The phase of LI and ¦CI  is
q180 , so the size of fI becomes smaller, due to the compensation of arc 
extinction coil. We may define the percentage of inductive current and compensation capacitor current as 
follows: 
%
I
I-I
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C
CL 100u 
¦
¦


                        (7) 
According to the different level of compensation, it could be divided into three types of complete 
compensation, less compensation and overcompensation [8]. 
1) Complete compensation (P =0) CI = LI , now the inductive current is equal to the capacitive current 
and the direction is just opposite to each other and cancel out. There is only active component in fI , 
whose value is the minimum, and fI has the same phase with 0U  .Under the condition that  inductance 
L  and the three-phase grounding capacitance 
03
1
C
L
Z
Z   to alternating current of 50Hz resonant 
grounding in series, and then the resonant grounding happen. It will make the displacement voltage of 
neutral point reduce and large increase of grounding voltage of neutral point [9]. It is not admitted that 
formation resonation earth overvoltage of power system. 
2) Less compensation (P<0) CI > LI , now, there are active component and partial capacitance passive 
component in fI , fI has an obvious increase and move to 0U . 
3) Overcompensation (P>0) CI < LI , now, the main component is inductive passive current branch 
in fI . There is an obvious increase of fI , and behind of  0U  on the phase .It is usually to choose the 
compensation level P from 5% to 10%, but not larger than 10%. 
According to the analysis above ,  when P=0 ,it is pure resistance for fault current ;  when P<0 ,it is 
capacitive for fault current ; when P>0 ,it is inductive for fault current . 
We could obtain from the analysis mentioned above, it could reduce the grounding current of single 
phase grounding fault through the arc suppression coil grounding way , and it is much easier to eliminate 
the electric arc that produced. The theory mentioned above laid a solid rationale foundation for the 
analysis of resonant earth fault and solutions. 
3. Establishment of MATLAB simulation model  
MATLAB is Matrix Laboratory for short, which is commercial mathematical software produced by  
MathWorks Company of America, used in the senior technical calculation language and interactive 
environment for algorithm development, data visualization, numerical analysis, and numerical calculation 
[10]. It mainly includes MATLAB and Simulink two parts, SimPowerSystems in the MATLAB/Simulink 
is the ideal tool of power system for simulation. Compared with other simulation software, such as 
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PSPICE, SABER, and so on, it is different in component level. SimPowerSystems paid more attention to 
the external characteristics, and it’s much easier to connect with control system.  
Simulation for single grounding fault of power distribution system is carried out in SimPowerSystems. 
The simulation structure is shown in figure 2. It is a step-down substation of 110kV/10kV, and there are 4 
bus zones of l0kV. The system connection graph is shown in figure 2: 
 
Figure 2. Grounded system of distribution network 
Using the SimPowerSystems in the flat of MATLAB7.9.0/Simulink, the simulation model is 
established as shown in figure 3. 
RL : the model of  arc suppression coil, it is equivalent to the inductance with resistance in series. aA , 
bA  and cA : denote the system phase voltage, the circuit model of distribution system is distributed 
parameter transmission line model, the end of Transmission Line is the equivalent load of RLC in the 
simulate load (the power factor is 0.8).Use the Bergeron Model in PSB model library as the mathematical 
model of transmission lines [11].Take the sample frequency as 5000Hz, because the model of network 
system netural point  grounding system is a complex distributed parameter model. It is always can’t work 
out by using simple algorithm. In this paper, use function ode15 embeded in MATLAB to calculate, which 
could solve some morbid equations better. The simulation time is 0.1s. 

Figure 3.  Model of the resonant earthed system
4. Analysis  of simulation results  
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The main simulation model used in the establishment of simulation model : three-phase voltage source, 
three-phase transformer (2 windings), three-phase fault sources, transmission line with distributed 
parameter, three-phase RLC loads in series, and so on [12].The main system parameters are as follows: 
Voltage grades:  110/10 kV˗ 
Positive Sequence parameters:   
 1R =0.45 /km: , 1L =0.9337× 310  H/km , 1C =71.74× 910   F / km; 
Zero-sequence parameters:    
0R =0.74 km/: , 0L =4.2146× 310  H/km , 0C =47.90× 910  F / km; 
Transformer reactance:  
rZ = 0.7017 + j 0.5121ȍ; 
Length of line:   
 1l =8km, 2l =15km, 3l =27km, 4l =18km. 
In this system, the single-phase grounding capacitance current is: 
CI =3 )wCU =
310
3
109007074.05023 uuuuuu S =34.63 A  >20 A . 
Adopting the arc suppression coil grounding way, the parameter of the arc suppression coil is set up as 
110% overcompensation [13]. 
A ground fault voltage waveforms is shown in figure 4. It is the fault phase A that whose amplitude 
approaching to zero at the time of 0.02s. The fault happens between 0.01s and 0.02s, no mutation [14]. 
The voltage gradually recovers after the amplitude of phase A (and the fault phase) approaching zero, and 
the amplitude of phase B, C become 3  times as before. When fault occurs, the current of phase A is the 
sum of B and C, and just the opposite direction which could be seen from the figure 5.  
Figure 6 is the fault phase zero-sequence current waveforms. The zero-sequence current is known as 
 CBA IIII  3
1
0 , we could obtain the zero-sequence current waveforms by superimposing  the three 
phases current waveforms. 
 
Figure 4. A ground fault voltage waveforms 
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Figure 5. The phase A resonant grounding current waveform 

Figure 6. Zero sequence current waveform 
The neutral-point voltage and current waveforms are shown in figure 7. 
 

Figure 7. Neutral point voltage and current waveform 
5. Conclusions 
From the simulation above, we could discover that there will appear zero-sequence current obviously 
at each point in power system when fault happens, the fault phase is just the phase that has the maximum 
zero-sequence current, the grounding capacitance current of fault phase is approaching to zero, the zero-
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sequence current of non-fault phase is equal to the grounding capacitance current of itself, but the real 
direction of power is from the bus to transmission lines. 
It is obvious that the fault current is very small when resonant grounding fault happening in the 
simulation experiment, the voltage of non-fault phase increased first and then reduced rapidly, and there 
is no overvoltage at neutral point. Resonant grounding has an extremely important role for stable operation 
in power system. 
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